Background The ability to predict candidaemia gives a significant advantage to the clinician by enabling preemptive treatment to reduce mortality.
Introduction
Candida is a commensal yeast which is the commonest cause of invasive fungal infections throughout the world, Ceylon Medical Journal 2018; 63: 169-173 DOI: http://doi.org/10.4038/cmj.v63i4.8767
with an incidence rate of 2 to 14 per 100 000 in population based studies [1, 2] . Advancement of medicine with transplantations, invasive devices and procedures, antibiotic use, and infectious epidemics like HIV has resulted in an ever increasing cohort of candidates susceptible to candida and has led to the rise of candidaemia throughout the world [3] . An alarming rise of candidaemia rates, with associated mortality, has occurred in the recent past. The risk factors for candidaemia vary with the local environment, hygiene and available facilities which necessitate customized studies to identify the risk factors [4] . The main reasons for the high mortality due to candidaemia are delay in initiation of antifungal therapy, treatment with an ineffective antifungal, inadequate dose or duration of treatment, or no treatment at all [3] .
Pittet et al in 1994 formulated the candida colonization index (CI). It is calculated by dividing the number of sites of colonization by the total number of sites cultured. Corrected CI (CCI) was calculated by multiplying the Candida CI by the ratio of heavily colonized sites to the number of sites positive. This formula has been used successfully in prediction of candidaemia in critically ill surgical patients. A meta-analysis of studies done in different hospitals in medical and surgical units was published by the same authors in 2014 which revealed the success of prediction of candidaemia by CI [5] .
Candida score (CS) was formulated by addition of clinical status of the patient, by Leon et al in 2006 . The score gave 1 mark each for multi-focal colonization, parenteral nutrition, and surgery at intensive care unit (ICU) admission and 2 marks for sepsis. A score of more than 2.5 accurately predicted patients who will benefit from antifungal treatment [6] .
Studies done by Eggimann in 2014 show that CS was more accurate than CI in predicting candidaemia [7] . Similar studies on candida colonization have not been done in Sri Lanka to identify and to validate the candida colonization index or candida score for Sri Lankan population, which will help to predict the risk of candidaemia in each patient.
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The aim of this study was to identify the prevalence and risk factors of candidaemia in ICU patients, and to validate the known indicators CI, CCI, CS to predict the risk of candidaemia in the study patients.
Methods
The study was conducted as a cross sectional analytical study in ICUs of Teaching Hospital Karapitiya. Patients with ICU exposure with and without candidaemia were compared to identify the risk factors and ability of the CI, CCI and CS to predict candidaemia.
Mixed population of medical and surgical patients admitted to main and emergency treatment unit ICUs, and paediatric neonatal ICUs. Oncology ICU admitted patients who underwent oncological surgery. All patients admitted to the above ICUs during the study period who gave informed consent and stayed for more than 24 hours in the ICU with candida colonization were enrolled in the study. Patients who were already on antifungal therapy was excluded. The study was conducted for a period of 4 months starting from 1st December 2015. Ethics approval for the study was granted by the Ethics Review Committee of the Faculty of Medicine, University of Ruhuna, Sri Lanka.
Candida colonization was diagnosed by detection of growth of candida in a minimum of two specimens on the same day or consecutive specimen collection days. Decision for blood culture was taken by the attending clinicians based on the clinical status of the patient. Candidaemia was diagnosed by isolation of candida from minimum of two specimens of peripheral blood culture. Patients were categorized as infected if they had candidaemia and non-infected if they did not have candidaemia.
Swabs from the oropharynx, rectum and insertion port of central lines were collected along with a urine sample every third day from admission. Additionally, fluid from abdominal drains, intercostal drains were obtained when available. Specimen collection was done only by the principal investigator according to the standard operating procedures and it was continued until discharge from ICU, death or development of candidaemia. Data collection was done using an investigator administered questionnaire which collected details of risk factors which were comorbidities, surgical procedures, antibiotic therapy etc.
Specimens were inoculated on candida chromagar. The growth was categorized as scanty, moderate or heavy. Patients were categorized as heavily colonized if they had more than 3+ growth in rectal and oral swabs and more than 105 colony forming units/ml growth in urine cultures. The isolates were further identified by morphology on corn meal agar and carbon assimilation pattern. Antifungal sensitivity testing was done on isolates for fluconazole and voriconazole by Clinical and Laboratory Standards Institute (CLSI) method (M44A2), and amphotericin according to manufacturer's recommendations. Quality control of AFST was done according to CLSI-M44-A2 recommendations.
Several patients with rising candida colonization and fever not responding to antibiotics were started on fluconazole empirically. They were included in the noninfected group in data analysis and not removed from analysis as it will bias the results.
Sample sizes required for the study for colonized group and infected groups were determined using the equation for the required sample size to estimate a mean value of CCI [9] . A study conducted by Pittet et al in 1994 to calculate mean CCI for colonized and infected groups found a standard deviation of 0.12 for the colonized patients and 0.1 for the infected patients. n = Sample number
The calculation accordingly gave a value of 61 subjects for the colonized group with precision of 0.03. For the infected group 0.05 precision level was used due to the rarity of the condition and the limited time of the study. Thus, the required sample size for the infected group was 16. Sample collection was extended to collect the maximum number of infected patients. Only 10 infected patients were found during the study period after extending the colonized group to include 100 patients.
Data was analysed using SPSS software version 20. Patients with candida colonization without infection was compared with patients with candida colonization with infection to identify the risk factors with significant differences. Fisher's exact was used in the analysis and a p value of <0.05 was considered significant.
Results
Study sample included 152 patients. Two adult patients were not included in the study due to severe injuries with pelvic and facial fractures as they were not stable to obtain screening cultures. Four extreme premature neonates were excluded from the study due to instability of their vital functions during handling. The number of patients without candida colonization was 44. The non-infected group had 90 patients while the infected group had 10 patients. Candida colonization was found in 100 patients (65.7%). Most (40%) of the patients in the infected group were from more than 65 years age group and none of the patients were from less than 1 month old age group.
Heavy colonization was seen only in rectum, oral cavity and urine. Other cultured sites did not have heavy colonization.
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Colonizing candida species changed during the ICU stay in 6 infected and 14 none infected patients and it was statistically significant in the two groups (p=0.004). However no regularity was noticed for this change of colonizing species of candida.
Presence of sepsis (p=0.006), presence of a gastrointestinal infection or surgical procedure (p=0.014), central line colonization with candida (p=0.001), heavy rectal (p=0.001), oral (p=0.022) and urine (p= 0.025) colonization and change of colonizing species of candida (p=0.004) was significantly different among the infected and noninfected groups. None of the other risk factors like age more than 65, male gender, chronic kidney disease, diabetes, administration of total parenteral nutrition, immunosuppression, chemotherapy, neutropenia, administration of steroids had significant difference between infected and non-infected group. Maximum recorded CI of 0.5, CCI of 0.4 and a CS of 3 can be considered in the prediction of candida blood stream infection.
Discussion
Candida colonization percentage during ICU stay in this study sample was 69.4%. Colonization percentage of our population was similar to an Australian study done by Lau et al, (10) on a mixed sample of medical and surgical patients and an Italian study conducted by Caggiano et al, (11) on neurological patients admitted to ICU.
A change of colonizing species of candida during ICU stay was observed in 60% of the infected patients whereas it was only 15.5% in the non-infected group. The difference was statistically significant (p=0.004) and none of the previous studies had similar observations. This change could be due to replacement of the patient's own flora with the hospital flora or could be due to exposure of the patients to risk factors which may predispose them to develop this change. None of our patients were on antifungals during the specimen collection period. Further studies are required to identify the cause for this change which could be important in the management of these patients.
Central line colonization with candida, presence of gastro-intestinal surgery or infection, sepsis, heavy colonization in rectum, oral cavity and urine were significant risk factors for the development of candida blood stream infection in our study.
The NEMIS study done on surgical ICU patients in 2001 showed that presence of a central line, haemodialysis, undergoing surgery were significant risk factors for candidaemia. Multi-site candida colonization was not found to be a significant risk factor in this study (12) . This was a study done only on surgical patients although it was a multicentre large prospective study and was the only study which described that multisite colonization was not a significant risk factor in the development of candidaemia.
The study done by Leon et al (6) showed that duration of stay in ICU, surgery at admission to ICU, total parenteral nutrition, haemodialysis, sepsis and multisite candida colonization were significant risk factors for the development of candidaemia. This study was conducted in 73 medical and surgical ICUs of Spain by the EPCAN project.
Maximum CI with a cut-off level of 0.6 identified 80% of infected patients and increased the specificity, positive predictive value and negative predictive value slightly. CS had excellent sensitivity and negative predictive value in our study. Therefore selecting patients who are above the cut-off limit of both scores CCI and CS for the prediction of candidaemia will help in identifying patients at risk of candidaemia for the clinician.
Maximum CI, CCI and CS were all significantly different among infected and non-infected groups of patients (p=0.000, 0.000 and 0.02 respectively). Sensitivity and specificity of the corrected CI was 100% in one of Original article these earliest studies (8) . However results of studies done elsewhere have been variable as shown in the review done by the same authors who formulated the CI [5] . These studies showed that although sensitivity and negative predictive value in surgical patients is 100% it is 75% and 94% in the medical ICU respectively. However, no study done up to date has been successful in the correct prediction of candidaemia with 100% specificity and positive predictive value.
Some patients who were pre-emptively treated with fluconazole were also included in the non-infected group of patients which could affect the reduction in the specificity and positive predictive value of this sample. The low sensitivity of blood culture in detection of candidaemia has to be considered. A study done in 2012 by the ESCMID study group showed that, if blood cultures were taken properly in a set of six for anaerobic and aerobic incubation, sensitivity of blood culture in detection of candidaemia is 50-75% [13] . This was not routinely done in our ICUs where only a single blood culture is taken at a time. The authors further recommend that the sensitivity can be improved up to 80% by combining serial Mannan antigen and anti-Mannan antibody detection with the advantage of results available in an average of 6 days prior to blood culture becoming positive. However cost and availability is a problem for this test.
CS was formulated for non-neutropaenic patients which makes it more suitable for our study sample as only two were neutropaenic. CS gave the best sensitivity and negative predictive value for our sample of patients.
A prospective multi-centre study [14] done in Spain, Argentina and France also showed a significant negative predictive value of the CS. However the specificity was 66.2% for the CS. Invasive infection was not reported in patients with a CS below 3. Ahmed et al [15] in their review stressed the importance of a prediction rule customized for the population which should be reviewed appropriately.
Limitations
The required sample size for the infected patients was not achieved during the study period even after extending the enrolment of subjects beyond the required 61 noninfected patients which can affect the results of the study and the generalizability of the results. Disease severity measure and other methods of diagnosis of invasive candida infection such as eye assessment, ultra-sound scanning were not utilized due to feasibility issues. Use of a wide range of adult, paediatric and oncological ICUs setting may have affected the study of risk factors.
Conclusions
Combination of CS which had excellent sensitivity with corrected CI which had good specificity could reliably predict candidaemia in our study sample.
